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reast cancer is the most commonly occurring cancer and one of the leading causes of death among women in the United States. 1 In 2009, the breast cancer incidence rate was estimated to be 123.5 per 100,000 women among whites, 113.0 among African Americans, 81.6 among aggregated Asian Americans (hereafter, referred to as AAs) and Native Hawaiian or Other Pacific Islanders (hereafter, referred to as PIs), 90.2 among Hispanic Americans, and 91.7 among American Indians/Alaska Natives. 1 Most national estimates combined AAs and PIs due to small sample sizes, assuming that the groups should be considered as one homogeneous ethnic category. 1, 2 This strategy masks existing gaps in breast cancer screening behaviors. Currently, some national reports distinguish AAs from PIs as separate groups. 3 However, although the estimates were available for AAs, important covariates were not identified. Furthermore, there were no reports about PIs due to unreliable estimates based upon small sample size. To date, there is no study in the literature comparing AAs with PIs regarding their mammogram screening behaviors.
Although women of Asian and PI origin have a lower incidence rate of breast cancer, this trend is rapidly changing. From 1992 to 2000, the incidence of breast cancer among AAs and PIs increased at a faster rate (2.1% per year) compared to that of other groups. 4 For women over the age of 50 years, the annual incidence increased at 6.3% among AAs, whereas the increase was 1.5% among non-Hispanic whites (hereafter referred to as NHWs). 5 Moreover, Asian women were more likely to be diagnosed at a later stage. [6] [7] [8] As a result of the late stage diagnosis, the death rate from breast cancer is steadily increasing among AA women, whereas the death rate for other ethnic groups is decreasing. 9 Early breast cancer detection using screening mammograms is crucial to reducing morbidity and mortality from breast cancer. 1 The American Cancer Society (ACS) recommends mammograms every year for women aged 40 and older. 1 In 2008, about 67.6% of US women had a screening mammogram during the preceding 2 years. 3 The screening rate for AAs and PIs were not consistent. In the most recent federal health reports (2011), 66.1% of AA women had a mammogram, recording a large increase from 54.6% in 2005. 3 Other findings concerning AAs or AA subpopulations, however, indicated lower screening rates from 25% to 56% depending on the population and the year of data collection. [10] [11] [12] [13] [14] [15] For PIs, there is no clear picture about the rate of screening mammogram usage. Aitaoto et al reported that PIs were less likely to participate in breast screening and more likely to be diagnosed at later stages of breast cancer than were whites or Japanese who reside in Hawaii; specifically, 35.4% of Native Hawaiians were diagnosed with late-stage breast cancer compared to 29.4% of whites and 22.4% of Japanese. 16 Another study of Samoan women, a subgroup of PIs, found that 58.7% had never had a mammogram. 17 Moreover, only 22.4% of Samoan women residing in Hawaii and 24.4% in Los Angeles had a mammogram in the preceding year. 17 In studies of AAs, the identified factors that relate to low screening rates were similar to those in the general population, including low education, 18 low income, [19] [20] [21] and old age. 15, 22, 23 Other factors mentioned that could lead to low screening rates with this population included health insurance status, 2, [24] [25] [26] access to a regular doctor, 27 regular check-ups, 18, 28 and marital status. 29 Compared to AAs, there were less data concerning factors related to breast cancer screening for PIs. Available evidence indicates that PIs have higher poverty rates, lower incomes, lower educational attainment, and larger families than AAs do; 30 and these factors were correlates of screening practices. 31 Smoking and alcohol consumption have been identified as risk behaviors that relate to participation in mammogram screening. [32] [33] [34] [35] However, the relationships between these risk factors and participation with mammogram screening among AAs and PIs have not been examined. Further, positive health perception has been found to be significantly related to lower participation in mammogram screening by NHWs, but this variable was not significant for Hispanics and blacks. 21 No studies have examined this factor in studies involving AAs or PIs.
Both AAs and PIs include multiple subpopulations with different cultures, languages, and health behaviors. Although it would be ideal to compare all these unique racial/ethnic subgroups separately, limitations in sample size render this difficult. At present, there is no study that has compared screening rates for AAs with screening rates for PIs using national data.
This study is guided by the health promotion model (HPM) and is designed to study the relationships between individual characteristics and experiences with screening-related behavioral health outcomes. 37 Individual characterisitics and experiences are the major determinants of health-promoting behavior. This model has been used widely as a framework for nursing studies that are aimed at predicting the overall health-promoting behavior in various populations and settings. 37 Behavioral outcomes included the history of ever having a mammogram as well as having a mammogram in the previous year. Individual characteristics included race, socio-demographics, and health risk behaviors. Experiences included general health practices, health perception, and health care access variables. This paper specifically aims to examine (1) the racial / ethnic differences in breast screening between AAs and PIs and NHWs and (2) the relationships of socio-demographic characteristics, health risk behaviors, health perception, health care access, and general health practices, on the recent usage of screening mammograms practices among ethnic groups (NHWs, AAs and PIs).
METHODS

Sampling
Data from Behavioral Risk Factor Surveillance System (BRFSS) 2008 were used for this study. The BRFSS uses a randomdigit-dialing technique and multistage cluster sampling in each state and territory to sample noninstitutionalized members of the US population aged 18 years or older who have telephones. 38, 39 The survey included a core set of modules that were asked of all respondents about preventive health practices, behavioral risk behaviors, general health status, and access to care. 39 A computer-assisted interview was administered by trained interviewers, and data were collected in either English or Spanish, with only one member of each household surveyed. Women who were 40 years of age or older and self-identified as NHW (n=165,777), AA (n=2600), and Native Hawaiian or other Pacific Islanders (PI) (n=345) were included. This sample size is adequate because the subjects to variable ratio is more than 15 to 1. 40 NHWs were included to serve as a reference group and to assess disparities. Because only adults who speak English or Spanish were captured, the sample is not likely to be representative of all AAs and PIs, especially those who do not have strong English language competencies. All questions in the BRFSS questionnaire were field and cognitively tested before they were included in the survey. 38 The BRFSS data are publicly available and contain no personal identifiers or sensitive information. Therefore, this study was exempt from the author's institutional human subjects review board approval.
Measures
Following the recommended age and time frames for cancer screenings by the American Cancer Society (ACS) as of March 2010, use of screening mammogram was measured both by the variables usage within the past year and ever had a mammogram.
The primary independent variable was race-ethnicity. Demographic variables included age, education, household income, and marital status. Health perception was measured by self-reported health. In the survey, respondents rated their own health with 5 response categories including poor, fair, good, very good, and excellent. Respondent were categorized as having poor health if they rated their overall health as fair or poor and good health if they rated their health as good, very good, or excellent. Behavioral health risk factors included current smoking and heavy alcohol drinking. Current smoking was defined as a history of at least 100 cigarettes in a participant's lifetime and current smoking either every day or on some days. Heavy alcohol drinking was defined for adult women as having more than one drink per day. The measure of current smoking has high test-retest reliability (calculated using the kappa statistic: 0.83-0.9) and validity. 41, 42 The measure of alcohol consumption was found to have acceptable reliability with kappa scores of 0.75 to 0.82. 43, 44 Different standards have been proposed for acceptable level of kappa, but there is some agreement that a value of 0.6 is minimally acceptable and that a value of 0.75 or higher is very reliable. 40 General health practice behavior included routine checkup within one year. Health care access included health insurance (any kind of coverage) status, whether the respondents had access to a usual health care provider, and their reported cost burden for health care (avoided doctors or health care due to cost in the past 12 months). Both health insurance and cost burden have high concurrent validity when compared with data from the National Health Interview Survey (NHIS). 42 These measures have acceptable test-retest reliability (kappa: 0.73).
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Data Analysis PASW SPSS 18 was used to analyze the data. We used weighted data to compensate for the unequal sampling probabilities of age, sex, and race to better represent the populations. Chi-square analyses were used to examine bivariate associations. Logistic regressions were used to model racial/ethnic differences, controlling for age, education, income, and marital status. To test the effects of health access on breast cancer screening, further logistic regression models were built to include insurance status, access to a usual health care provider, and cost barriers as covariates. Finally, more complex models were tested including health care access, health perception, and health risks (current smoking status and alcohol use). Separate logistic regression models for the 3 ethnic groups (NHWs, AAs, and Pacific Islanders) with simulta- Note. All estimates are weighted percentages to account for the complex survey design (using final weight from BRFSS data calculated by CDC); for chi-square tests, all results are statistically significant at P < 0.001. a Women who responded, "Don't know" or "Not sure" or who refused to answer were excluded b Had smoked at least 100 cigarettes in entire life or currently smoke every day or some days c Heavy alcohol drinking was defined for adult women as having more than one drink per day d could not see doctor because of cost. neous entering method were additionally built to examine predictors of having a recent mammogram. To control for type I errors due to multiple tests and large sample sizes, the alpha was set at 0.001.
RESULTS
Socio-demographic characteristics, risk behaviors, health perceptions, health care access, general health practice behaviors, and breast cancer screening practices are presented in Table 1 . Relative to NHWs, AAs and PIs were younger. Among the 3 groups, AAs were most likely to be better educated, to have a higher income, and to be married or living with a partner whereas PIs were similar to NHWs in education, income, and marital status.
For the outcome variable "ever had a mammogram," 88.1% of AA women reported yes, lower than the 92.4% reported by NHWs and 93.2% by PIs. After adjusting for socio-demographic factors, the OR was 0.70 for AAs compared to NHWs in regard to "ever had a mammogram," whereas the adjusted OR was 1.43 for PIs compared to NHWs (Table 2 ). For AAs, further adjustment of access and other covariates did not change the patterns of observed odds -AAs were persistently less likely to have ever had a mammogram. For PIs, adjustment of access decreased the OR by 5%, and adjustment of other covariates decreased the OR to 1.25, meaning that PIs were 25% more likely to have ever had a mammogram than were NHWs.
For "had a mammogram within one year," AAs also reported the lowest rate, 60.3%, compared to 62.4% for NHWs and 70.3% for PIs. The OR indicated that the difference between AAs and NHWs was not wide (adjusted OR=0.95), and adjustment of other covariates did not change the pattern (Table 2) . Meanwhile, compared to NHWs, PIs were 87% more likely to have had a mammogram within the past year (adjusted OR=1.87). Adjustment of access and other covariates decreased the OR by 12%, but PIs were still 75% more likely to have had one mammogram within the past year. Overall, the adjusted odds ratio analyses (Table 2) showed that even after adjusting for socio-demographic variables (such as age, education, income, and marital status), health care access (health insurance status, If adjusted OR <1, the racial/ethnic group had lower screening rate than that of non-Hispanic white. If adjusted OR >1, the racial/ethnic group had higher screening rate than that of non-Hispanic white.
access to a usual health care provider, and cost burden), health perception (selfreported general health), and health risks (current smoking and heavy alcohol drinking), the differences found between Asian Americans, Pacific Islanders, and nonHispanic whites did not change. Table 3 reports multivariate predictors of having a recent mammogram screening for the 3 groups. For age, similar patterns were observed for NHWs, AAs, and PIs. Older women were more likely to have had a mammogram within one year than were younger groups, with women 50-64 years being the most likely to have had a mammogram within one year (OR=1.62 for NHWs, OR=2.34 for AAs, and OR=1.63 for PIs). Although women 65 years or older were also more likely to have had a mammogram within the past year (ORs were 1.46 for NHWs, 1.22 for AAs, and 1.37 for PIs), the ORs were lower than those of the women in the 50-64 years of age category.
In terms of education, having a higher level of education increased the odds of having had a mammogram within the past year for NHWs. The effect of education among AA women was greater, but the relationship was not linear. Women who had a high school diploma reported the highest rate of obtaining a mammogram within one year (OR=2.82), almost 3 times more likely than women with less than a high school education. For women with some college education, they also reported a higher rate of mammogram within one year (OR=1.46), but their rate was only 46% higher than that of women with less than a high school education. In contrast to NHWs and AAs, the relationship between education and having a recent mammogram was negative for PIs (ORs were 0.73 and 0.85 for high school graduates and more than high school, respectively).
Odd ratio patterns emerged in the income-level variable, which was expected. With increased income levels, the odds of having a recent mammogram increased for NHW and AA women. This relationship was starkly visible for AA women where the odd ratios jump from 1.13 to 1.71 as the incomes jumped from between $25,000 and $50,000 to greater than $50,000. However, this pattern was disrupted for PI women, where the individuals with incomes of $50,000 or more were less likely to have recently had a mammogram than were women with incomes between $25,000 and $50,000.
Compared to women who were single or living alone, being married or living with a partner increased the likelihood of obtaining a recent mammogram for NHWs and PIs. For the AAs, however, this relationship was reversed, with married women reporting a lower rate of recent mammograms than that of single women.
In terms of health risks, NHW and AA smokers were less likely to have had a recent mammogram than were nonsmokers. This relationship was not observed among PIs (OR=1.04, 95% CI 0.98, 1.09). Heavy alcohol usage was associated with an increased rate of recent mammogram among NHW and AA women although this relationship was reversed for PIs.
For the health perception, women with better perceptions of health reported higher rates of getting a recent mammogram among NHWs (OR=1.36) and AAs (OR=1.16). In contrast, for PIs, women reporting better perceptions of health were less likely to have had a recent mammogram (OR=0.47).
For health care access, women with health care coverage were more likely to have had a mammogram within the past year across all 3 groups. Women with access to usual health care providers were more likely to have had a mammogram within the past year across all 3 groups, but the sizes of the relationship were different. Women with access to usual health care providers were nearly 2 times more likely to have had a recent mammogram for NHWs (OR=1.89), more than 2 times more likely to have had a recent mammogram for AAs (OR=2.13), but more than 14 times more likely to have had a recent mammogram for PIs (OR=14.59). Furthermore, cost barriers were negatively related to recent mammogram usage for NHWs and PIs (ORs were 0.77 and 0.58, respectively), but positively related to recent mammogram usage among AAs (OR=1.89).
Consistent with expectations, women who had a routine check-up within one year were more likely to have had a mammogram within one year for all 3 groups. This relationship was the strongest among PIs (OR=9.55), followed by AAs (OR=5.43) and NHWs (OR=4.50).
DISCUSSION
Gaps in Mammogram Screening
The findings of this study emphasize the importance of conducting disaggregated analyses for AA and PI women to study their receipt of breast cancer screening. Aggregated studies have revealed overall lower breast cancer screening rates among AA and PI women; 2,45 yet, these disaggregated analyses showed that PIs were more likely than AAs to adhere to ACS recommendations in regard to mammograms; and the higher screening rate persisted after controlling for demographic and other covariates. In addition, PIs also reported higher rates of recent mammogram usage than that of the NHW population. Interestingly, although AA women generally reported more favorable health behaviors, this did not result in higher rates of using screening mammograms.
Our study findings that PIs had higher rates of screening mammogram usage than those of AAs support the estimates from Tsark and Braun and Aitaoto et al. 16, 46 Tsark and Braun have observed a positive change in knowledge, attitude, and practices among Native Hawaiian women from 1989 to 2000. 46 They reported that in 2000, 62% of Hawaii women com-plied with the ACS guidelines for mammogram screening and received a mammogram in the preceding year. This rate was much higher than the screening rate of 53.5% in the preceding 2 years among AAs in the same time period. 3 According to Aitaoto et al, from the year 2005 to 2007, the rates of screening mammogram usage within past 2 years for Native Hawaiian women had increased from 66.0% to 76.1%. 16 In the similar time period, the screening rates for AA women were 54.6% in 2005 and 66.1% in 2008. Our findings further confirmed that similar differences still existed in 2008. This finding may indicate that the campaigns and outreach programs may have been very effective for PIs.
The finding of a higher rate of participating in mammograms among PIs than AAs contradicted the results reported by Chen et al. 36 The possible reason for this discrepancy could be related to sampling methods and study designs. First, we used a larger data set consisting of a random national sample, whereas Chen et al used regional data including only samples from Los Angeles County. Second, Chen et al included 14 PIs, whereas we included 345. Our estimates should be more reliable, although their studies were more specific to the target population.
Factors Influencing Mammography Screening
Consistent with previous studies, we have found that women in all 3 groups were more likely to comply with mammogram screening if they had a higher income, health care coverage, access to usual health care provider, routine checkup within the past year and no smoking. [19] [20] [21] The strongest predictor of recent mammogram use is having had a routine checkup within the past year. Women who had a routine checkup were 4.5 to 9.5 times more likely to report a recent mammogram, and this association was especially pronounced among PI women. In addition, having access to usual health care providers was also stronger in explaining recent mammogram use among PIs than among AAs. These findings have important implications, indicating that for PIs, interventions targeting providers could lead to increased screenings.
However, we also found that some of the predictors for mammogram usage were different in direction for AAs and PIs. For education, AAs were similar to NHWs, but for PIs, higher education was associated with lower mammogram rates. This is hard to explain and warrants further study. Current smoking was an important indicator of failure to use breast cancer service among NHW and Asian women, but not PIs. This is consistent with previous research that suggests that persons who engage in high-risk behaviors are less likely to comply with recommend cancer guidelines. 33, 35 The increased likelihood that smokers will not receive appropriate mammograms is a particularly important finding, given that smoking is a risk factor for breast cancer. 47, 48 Another factor that was different for AAs and PIs was heavy alcohol drinking. Similar to NHWs, AA women who were heavy drinkers reported higher percentages of recent mammogram use, but this was reversed for PIs. In previous studies, alcohol consumption was not consistently associated with lower percentages of mammography. For example, the consumption of alcohol was not related to low breast cancer screening in the studies by Cook et al. 33 Instead, limited evidence indicates that women who consume moderate amounts of alcohol were more likely to report higher mammography rates. 49, 50 However, a Canadian national study found that heavy drinkers were less likely to have mammograms. 51 This is an important finding for PIs, given the evidence that alcohol consumption may be a cause of breast cancer in women. 52 Identifying the association between behavioral health risk factors and breast cancer screening can inform the selection of factors upon which to intervene when developing breast cancer screening programs.
Inconsistent with a previous study that indicated that the perception of general health was negatively associated with recent mammogram use among NHW and Hispanic women, 21 in this study, we found that the perception of general health was positively associated with recent mammograms in NHWs and AAs. Women who perceived their health as poor were less likely to have a mammogram. However, this association was in the opposite direction for the PIs, in that PI women who perceived poor health reported higher rate of recent mammogram use. This is hard to explain and warrants further study.
Study Strength and Limitations
One major strength of this study is the usage of large national samples of AA and PI women to allow for reliable comparisons between the 2 populations. This comparison study can contribute to the limited literature in regard to diversity concerns with cancer screening research comparing these 2 specified population groups that are often analyzed as one homogeneous group and their differences have never been thoroughly identified. Also, this study finding will help guide future directions for the national health disparities reports and further efforts on the part of the health care community.
Nevertheless, several limitations should be considered in interpreting the results of this study. Most of all, the possibility of bias resulting from the use of selfreported data may overestimate the prevalence of cancer screening. In our data analysis, however, we adjusted for factors thought to influence the validity of selfreported data, such as socioeconomic status variables. Additionally, because the BRFSS is primarily conducted in English, the data with respect to AAs did not in-clude immigrants who are limited in English proficiency. The samples were, therefore, not representative of the AA population. The use of BRFSS data in examining factors influencing cancer screening practice for the 3 racial/ethnic groups was limited by its lack of morerefined measures of diversity and acculturation, such as formal ascertainment of English language proficiency, country of origin, age, or generation of immigration, all of which are relevant to the heterogeneous Asian and PI subgroups. According to the US Census, 35% of AAs and 13.8% of Native Hawaiians and Other Pacific Islanders have limited English proficiency, compared to 8.6% of the general population.
53 A skewed population of AAs who were competent English language users may be more acculturated and more affluent than AA immigrants who are not competent English language users and were not included in the survey sample. This skewed population may also lead to overestimates in screening behaviors for AAs, because poorer and less acculturated AAs may be less likely to engage in cancer screening than are the AAs captured within this survey sample. In addition, considering available evidence indicates that PIs have higher poverty rates, lower incomes, and lower educational attainments, 30, 53 PIs within the sample have relatively higher levels of educational attainment than the PI population and may underrepresent PI women from lower education groups from an external validity perspective. The other important limitation is that although we attempted to disaggregate AAs and PIs, there are still heterogeneous subgroups within both groups. AAs comprise Chinese, Japanese, Filipino, Korean, etc, which makes the group heterogeneous. Further, Pacific Islanders are also a heterogeneous group comprising Hawaiians, Samoans, Chamorros, etc. The cancer experience among these groups in terms of incidence, mortality, and screening behaviors are quite different. Further studies to reveal the differences within Asian and PI subgroups are needed so that effective targeted interventions of at-risk populations can be designed and implemented.
Furthermore, persistent racial disparities in cancer mortality exist, and they may have also affected on the disparities in breast cancer screening practices; however, the effect of such disparities on the breast cancer screening practices has not been examined in our study. The effects of the root causes should be further studied.
Conclusions
Overall, our findings support the evidence of disparities in participation rates in breast cancer screening among racial/ethnic groups. AA women are markedly less likely to be screened for breast cancer than are other groups of women. They are also less likely to adhere to mammogram screening guidelines. PI women, on the other hand, are likely to be very proactive in cancer screening. Understanding the magnitude and predictors of these disparities for racial/ethnic groups can help inform targeted interventions and further research studies to reduce these disparities and aid in assuring quality care for all individuals. The separate overall pictures for AAs and PIs will assist health care administrators and researchers in identifying health issues related to breast cancer screening and in designing public health intervention strategies to meet the specific needs of AAs and PIs.
